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ANTICIPATING DATA USE IN A WIRELESS
DEVICE

BACKGROUND

Generally described, computing devices and communica-
tion networks facilitate the collection and exchange of infor-
mation. In a common application, computing devices, such as
personal computing devices, can utilize a wide area commu-
nication network, generally referred to as the Internet, to
access data, or other data, from other computing devices
associated with data providing entities. The type of data
exchanged between the computing devices can vary accord-
ing to the specific design/function of the computing device
and the type of data provided by the data providing entity.

In one application, users can request data from a data
providing entity that is delivered to the computing device in a
relatively “real time” basis. For example, users can request
data from a network resource (e.g., a Web site) for immediate
rendering on a computing device display screen or they can
request the immediate transfer of data, such as a document or
data file, from a network resource or Web service for storage
on the computing device. In another example, users can trans-
mit a request, or initiate a transaction, that results in the
downloading or streaming of data to a computing device.
Typically, the data providing entity would initiate such a
transfer upon receipt of the request from the computing
device.

In another application, the data transmission from the data
providing entity to the computing device can be scheduled for
delivery to the computing device at a specific time or upon
satisfaction of a scheduling event. For example, users can
specify a time, or other event, to receive software updates
provided by a data providing entity. In another example, users
can specify a specific time to receive data or updates to
previously delivered data such as periodicals, data posted on
anetwork resource such as web logs, bulletin boards, and the
like. In still a further application, data providing entities can
initiate data deliveries to the computing device without
requiring a prior request from the receiving computing
device. For example, a data providing entity may wish to
schedule the delivery of advertisement data to a set of per-
sonal computing devices.

In one embodiment, wireless computing devices can
access data from data providing entities via a communication
network. In such an embodiment, the wireless computing
device is generally a portable device that includes communi-
cation hardware and software components that establish a
wireless network connection for exchanging data, such as a
connection with a wide area wireless telecommunication net-
work (“WAN™), like a long term evolution (LTE) based wire-
less network and/or a wireless local area network (“WLAN™),
such as Wi-Fi based wireless network.

With the continued increase of data transmitted over wire-
less networks, operators of many networks now charge a fee,
such as a subscription fee or data transmission fee, to deliver
data over the network. For example, many WAN operators
charge monthly fees for delivery of data over the network and
limit the amount of data that can be transmitted without
incurring additional fees. This may be in the form of a
monthly fee allowing up to a certain amount of data transmis-
sion, with additional fees incurred if the monthly amount is
exceeded, or in the form of a fee based on the amount data
transmitted. For purposes of this disclosure, any wireless
network in which a fee is incurred for the transmission of data
that includes either a data limit or a fee per data transmitted
will be referred to herein as a “variable fee wireless network.”
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In comparison, any wireless network in which there is no fee
for data transmitted over the network, or there is no limit on
the amount of data that can be transmitted for a fixed fee, is
referred to herein as a “fixed fee wireless network.” Examples
of fixed fee wireless networks include, but are not limited to
a user’s home WLAN, a fixed fee WLAN network (e.g., at a
coftfee shop or airport), or an unlimited data plan with a WAN
operator in which there is no limit to the amount of data that
can be transmitted each month without incurring additional
fees or charges.

Because of the nature of wireless network connections, the
quality and availability of the connection experienced by the
wireless device can vary for both variable fee wireless net-
works and fixed fee wireless networks. Factors that can influ-
ence such quality and availability include the range of the
antennas through which the wireless connection is estab-
lished, physical obstructions (e.g., natural geographical
obstructions/structures, manmade structures and impedi-
ments, etc.), legal or administrative limitations to the use of
wireless networks (e.g., limited or no wireless communica-
tions in hospitals and airplanes), wireless network service
provider limitations (e.g., wireless network coverage), user-
initiated actions (e.g., shutting oft the device or disabling the
wireless network functionality), and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description is set forth with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number identifies the figures in which the refer-
ence number first appears. The use of the same reference
numbers in different figures indicates similar or identical
items.

FIG. 1 is a block diagram illustrative of a wireless device
communication environment for use in anticipating data use,
anticipating wireless device connection events and transmit-
ting a set of data during an occurrence of an anticipated
connection event.

FIG. 2 is a block diagram illustrative of components of a
wireless device for use in anticipating data use, anticipating
wireless device connection events and transmitting a set of
data during an occurrence of an anticipated connection event.

FIG. 3 is a block diagram illustrative of components of a
wireless device and a communication management system
for use in anticipating data use, anticipating wireless device
connection events and transmitting a set of data during an
occurrence of an anticipated connection event.

FIGS. 4-6 are block diagrams of the wireless device com-
munication environment of FIG. 1 illustrating various imple-
mentations for the collection and processing of wireless
device information and program usage information to antici-
pate wireless device connection events, to plan delivery of
data during an anticipated connection event and to transmit a
set of data during the occurrence of an anticipated connection
event.

FIG. 7 illustrates an example process for determining
device connection patterns, according to an implementation.

FIG. 8is ablock diagram of'a device’s determined standard
connection pattern for a twenty-four hour period, according
to an implementation.

FIG. 9 is a block diagram of a user’s determined event
information for a twenty-four hour period, according to an
implementation.

FIG. 10 is a block diagram of determined wireless device
connection pattern exceptions identified based on a device’s
determined standard connection pattern and a user’s deter-



US 9,167,404 B1

3

mined event information for a twenty-four hour period,
according to an implementation.

FIG. 11 is a block diagram of a device’s planned antici-
pated connection pattern for a twenty-four hour period,
according to an implementation.

FIGS. 12 and 13 illustrate an example process for planning
delivery of a set of data items, according to an implementa-
tion.

FIG. 14 illustrates an example process for delivering a set
of data items during an anticipated connection event, accord-
ing to an implementation.

FIG. 15 illustrates an example process for anticipating data
use by programs operating on a wireless device, according to
an implementation.

While implementations are described herein by way of
example, those skilled in the art will recognize that the imple-
mentations are not limited to the examples or drawings
described. It should be understood that the drawings and
detailed description thereto are not intended to limit imple-
mentations to the particular form disclosed, but on the con-
trary, the intention is to cover all modifications, equivalents
and alternatives falling within the spirit and scope as defined
by the appended claims. The headings used herein are for
organizational purposes only and are not meant to be used to
limit the scope of the description or the claims. As used
throughout this application, the word “may” is used in a
permissive sense (i.e., meaning having the potential to),
rather than the mandatory sense (i.e., meaning must). Simi-
larly, the words “include”, “including”, and “includes” mean
including, but not limited to.

DETAILED DESCRIPTION

Generally described, aspects of the present disclosure
relate to the management of data delivery to devices. Specifi-
cally, aspects of the present disclosure relate to the manage-
ment and delivery of a set of data to wireless devices during
connection events with fixed fee wireless networks so the data
is on the device and available to the user when requested. For
example, it may be determined that a user reads political news
from a news reader program on the user’s wireless device
every day between 08:00-09:00 during a commute to work
(anticipated data use). It may also be determined that the
wireless device is usually connected to a fixed fee wireless
network (e.g., user’s home WLAN) between 00:00-07:00
(anticipated fixed fee wireless network connection event) and
a variable fee wireless network (Operators WAN) between
08:00-10:00 (variable fee wireless network connection
event). Based on the wireless device connection event pat-
terns and anticipated data use, rather than delivering the data
for the news program during an occurrence of a variable fee
wireless network connection event, the systems described
herein identifies the patterns and, anticipating the data use,
delivers the anticipated data in advance during a fixed fee
wireless network connection event. By determining and
anticipating wireless device connection events and anticipat-
ing data use, data can be delivered in advance and available to
the user so that the user does not experience charges or other
fees to obtain the data over a variable fee wireless network.

Anticipated connection events are determined by data pro-
cessing components on a wireless device or on a network-
based communication management system as a function of
collected wireless device information and/or collected user
event information. As used herein, the information utilized by
a data processing component in the determination and antici-
pation of wireless device connection events will be collec-
tively referred to as “wireless device information and user
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event information.” However, reference to “wireless device
information and user event information” should not be con-
strued to imply any limitation as to any singular wireless
device information, any singular user event information, or
any combination of wireless device information and/or user
event information. Additionally, reference to “wireless device
information and user event information” will not necessarily
be limited to particular types of wireless device information
or user event information or to the illustrative examples of
wireless device information and/or user event information
described in the present disclosure.

In one implementation, wireless devices collect wireless
device information that can include performance metrics of
the wireless device, such as power supply levels, power con-
sumption rates, wireless communication network signal
strength, wireless network connection type (fixed fee or vari-
able fee), whether the wireless network is secure (e.g., home
WLAN or public WLAN), wireless device use or activity,
geographic locations of the wireless device, ambient tem-
perature, and the like. In another illustrative embodiment,
wireless devices collect wireless device information and user
event information that can include user interactions with the
wireless device, such as powering down the wireless device,
accessing programs on the wireless device, enabling/dis-
abling WAN radio communication functionality, enabling/
disabling WL AN radio communication functionality, placing
the wireless device in a limited communication mode, plug-
ging the device in for charging, placing the device in a pocket
or bag, and the like. In still a further implementation, wireless
devices also collect, or are otherwise associated with, user
event information that can include additional information
associated with an identified user, such as user profile infor-
mation, user preference information, user calendaring infor-
mation, user tasks information, and the like. The collected
wireless device information and user event information can
be processed and used to identify anticipated wireless device
connection events and/or unavailability of the wireless device
(also referred to herein as a connection event).

In an implementation, the wireless devices can include a
data processing component that processes the wireless device
information and user event information to determine connec-
tion events with fixed fee wireless networks, variable fee
wireless networks, and/or unavailability of the wireless
device. Additionally, a communication management system
can provide a network-based data processing component for
processing the wireless device information and user event
information to determine anticipated connection events. The
network-based data processing component may work in con-
junction with the data processing component of the wireless
device or as an alternative to the data processing component
of the wireless device.

In either case, the data processing components can utilize
connection event processing criteria that establish, or are used
to establish, anticipated connection events with fixed fee
wireless networks, variable fee wireless networks, and/or
unavailability. For example, the data processing components
can maintain historical wireless device connection event
information that can be used to identify and anticipate future
wireless device connection events and develop wireless
device connection patterns. In another example, the data pro-
cessing components can utilize defined geographic location
or geospatial area processing criteria that identify areas of
anticipated wireless device connection events in combination
with other wireless device or user event information. In a
further example, the data processing components can develop
and maintain wireless device connection patterns of previous
connection events and the wireless device information and
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user event information that facilitated such a connection pat-
tern, including a sequence of wireless device information and
user event information. The data processing components can
then utilize the connection patterns in making future deter-
minations of connection events by matching collected wire-
less device information and user event information with the
wireless device information and user information from the
connection event patterns.

Similar to anticipated connection events, the anticipated
data use may also be determined by data processing compo-
nents on a wireless device and/or on a network-based com-
munication management system as a function of collected
program usage information and/or program consumption
information. As used herein, the information utilized by a
data processing component in the determination of antici-
pated data use will be collectively referred to as “program
usage information and/or program consumption informa-
tion.” However, reference to “program usage information
and/or program consumption information” should not be con-
strued to imply any limitation as to any singular usage of
programs, program usage information or program consump-
tion information, or any combination of programs, program
usage information or program consumption information.
Additionally, reference to “program usage information and/
or program consumption information” will not necessarily be
limited to particular types of programs, particular types of
program usage information, particular types of program con-
sumption information or to the illustrative examples of pro-
gram usage information and/or program consumption infor-
mation in the present disclosure.

In one implementation, wireless devices collect program
usage information that can include an identification of the
programs accessed, the time at which they were accessed, the
duration of access, and the like. In another illustrative
embodiment, wireless devices collect program consumption
information that can include an identification of the data
stored and used by the programs, the anticipated data stored
and available to the programs, the data consumed by the user
of'the programs, the position in the data consumed by the user
of the program, and the like.

As previously described, in an implementation, the wire-
less device can include a data processing component that
processes the program usage information and/or the program
consumption information to anticipate data use and deter-
mine data that is potentially of interest to a user (anticipated
data). Additionally, a communication management system
can provide a network-based data processing component for
processing the program usage information and/or program
consumption information to determine anticipated data use.
The network-based data processing component may work in
conjunction with the data processing component of the wire-
less device or as an alternative to the data processing compo-
nent of the wireless device.

In either case, the data processing components can utilize
data criteria that is established, or are used to establish, antici-
pated data use by each program. For example, the data pro-
cessing components can maintain or access relationships
between data already stored and/or consumed (in whole or in
part) through a program on the wireless device and identify
related data that will likely be consumed in the future by auser
of the program (anticipated data). In another example, the
program may be a progressive game and the data processing
components may determine that a user has almost completed
a current level and identify data for the next level of the game
as anticipated data. In still another example, the program may
be an electronic book (“e-book) reader application and the
data processing components may determine that the user has
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almost completed reading a book and use data criteria to
identify a likely next book as thus identify anticipated data.

Based on planned connection events, the data processing
component can plan in advance the delivery of anticipated
data during a fixed fee wireless network connection event to
ensure the data is available to the program and/or wireless
device when accessed by the user without the user having to
incur the cost of transmitting the anticipated data over a
variable fee wireless network. Anticipated data may include
data that is likely to be consumed by the user, scheduled to be
transferred, or any other data that may be delivered or trans-
ferred to or from the wireless device. In an illustrative
embodiment, the anticipated data can include, but is not lim-
ited to, data to be generated on the wireless device (e.g.,
electronic publications), data to be used by one or more
programs on the wireless device, software application down-
loads or software application updates to be executed or stored
on the wireless device, multi-media data, and the like.

By way of an illustrative example, assume a user has a
wireless device, such as a smart phone, that can receive data
from various data providing entities over either a variable fee
wireless network or a fixed fee wireless network. In this
example, a data providing entity, such as a data publisher or
data providing service, may attempt to transmit electronic
books to the electronic book reader device upon receipt of a
user request/order, or as soon as the data becomes available.
Additionally, the data providing entity can also schedule the
delivery of a subset of data, such as periodicals, web logs, or
data updates based upon a specific time of day or upon
completion of a triggering event (e.g., the close of the stock
market trading day). However, if the data processing compo-
nent anticipates that the wireless device will be only con-
nected over a variable fee wireless network, or not be con-
nected at all (i.e., unavailable) when the user is likely to
request the data, or at a scheduled time, the data processing
component may plan and initiate the transmission and
exchange of the anticipated data during a prior connection
event when the device is communicating over a fixed fee
wireless network. More specifically, the data processing com-
ponent utilizes wireless device information, event informa-
tion and program usage and consumption information to
determine anticipated connection events and plan delivery of
anticipated data during connection events that occur over
fixed wireless networks and before the anticipated data use.
Upon the occurrence of an anticipated fixed fee wireless
network connection event, a communication management
system component and the wireless device exchange data or
information without action by the user. The practical impact
to the wireless device user is that the data is exchanged prior
to the anticipated data use over a fixed fee wireless network so
that the user does not incur a charge or fee for transferring the
data.

In one example, the data processing component may
develop a wireless device connection pattern identifying that
auser’s wireless device is typically charging and connected to
a fixed fee wireless network during the early morning
between 01:00-05:00 but operating on battery and only con-
nected to a variable fee wireless network during the user’s
daily commute between home and work from 07:00-09:00.
The determination of such a connection pattern can be made
by the data processing component using wireless device
information and/or user event information such as proximity
of'the wireless device to the user’s home, the connection type
typically maintained by the wireless device during recurring
time-periods, and the like. Based off the connection pattern, a
fixed wireless network connection event is anticipated and a
variable fee wireless network connection event is anticipated.
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Data needed for the anticipated data use that will likely occur
during the anticipated variable fee wireless network connec-
tion event is scheduled and delivered to the wireless device in
advance during the fixed fee connection event so that it is
available to the user and the user does not incur a data delivery
charge to obtain the data.

In another example, the data processing component may
have developed a standard connection pattern indicating that
the user is typically connected to a WLAN in the evenings but
also identify a user event indicating that the user has plans to
board an eight hour flight to Tokyo in the afternoon. The
determination of such a user event can be made by the data
processing component using wireless device information and
user event information such as proximity of the wireless
device to an airport, polled user calendaring and profile infor-
mation, and/or other wireless device or user event informa-
tion. In a more specific example, the data processing compo-
nent may identify a calendar entry for the planned trip along
with an email confirmation of the flight information indica-
tive of the potential that the user will be traveling. In addition
to determining an anticipated connection event in which the
device is unavailable during the flight, the data processing
component also anticipates that during the time required to
travel to the airport, the wireless device will likely be con-
nected via a variable fee wireless network and likely con-
nected via a fixed fee wireless network while the user is at the
airport but prior to departing. In addition to anticipating the
various connection events, the data the user will likely access
while in route to the airport and desire to access during the
flight is determined (anticipated data use) and plans are made
to deliver that data earlier in the day during an anticipated
fixed fee wireless network connection event. In one imple-
mentation, such a determination and planning is made by the
data processing component and the data needed for the data
use is exchanged with the wireless device during a fixed fee
wireless device connection event without any additional
involvement or activities by the user. Accordingly, the antici-
pated data will be transferred to the wireless device prior to an
anticipated variable fee network connection event and before
the anticipated unavailability connection event so that it will
be available to the user of the wireless device during the
airline flight and delivered without the user incurring a charge
to obtain the data over a variable fee wireless network.

In another example, a user may also plan to or normally
have a variable fee network connection during a scheduled
meeting such that the wireless device will not be able to
receive data via a fixed fee wireless network connection dur-
ing the meeting. In this example, the data processing compo-
nent may determine that the user will likely access data
related to an upcoming meeting with a financial team during
that meeting. Responding to the anticipated variable fee wire-
less network connection event and determining the data that
will likely be accessed, prior to that variable fee wireless
network connection event and during the occurrence of a
fixed fee wireless network connection event, the wireless
device can exchange information during the fixed fee wireless
network connection event to transmit any data (e.g., user
defined meeting agenda), receive scheduled data (e.g., the
most up-to-date financial information), and/or receive addi-
tional data (e.g., any information corresponding to keywords
associated with the upcoming meeting).

As described in the above example, the determination of
such connection events can be made by the data processing
component using wireless device information and user event
information, such as polled user calendaring and profile infor-
mation, to identify the specific meeting (e.g., by extracting
subject headings from the calendar event data). Additionally,
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to identify anticipated data use that will be accessed during a
variable fee wireless network connection event, the data pro-
cessing component can further utilize the extracted subject
matter headings from the calendar event data to initiate a
search for the relevant data. Still further, the data processing
component can utilize past user data requests stored in a user
profile to identify the most relevant data to transmit to the
wireless device. Thus, the anticipated data will be transferred
to the wireless device during a fixed fee wireless network
connection event so that it is available to the user of the
wireless device during the meeting and without the user hav-
ing to incur a cost to obtain the data over a variable fee
wireless network.

Although aspects of the present disclosure will be
described with regard to an illustrative wireless communica-
tion device environment and component interactions, wire-
less communication protocols and flow diagrams, one skilled
in the relevant art will appreciate that the disclosed imple-
mentations are illustrative in nature and should not be con-
strued as limiting. Specifically, although the term wireless
device is used in this document, the term represents any type
of'device having a component for communicating with one or
more other devices via one or more communication paths.
Such communication paths can include wireless communica-
tion paths (via infra-red, RF, optical, terrestrial, or satellite
communication media) and wired communication paths.
Likewise, while the examples discussed herein focus on plan-
ning and performing data exchange using fixed fee wireless
networks and variable fee wireless networks, the implemen-
tations described herein are equally applicable for wired net-
works (fixed fee wired networks and/or variable fee wired
networks) or a combination of wired and wireless networks.

With reference now to FIG. 1, a block diagram illustrative
of'a wireless device management environment 100 for man-
aging wireless device communications will be described. As
illustrated in F1G. 1, the communication management system
102 can include an external data source interface component
104 for obtaining external information from network-based
resources, such as information corresponding to a user asso-
ciated with the wireless device. The communication manage-
ment system 102 can also include a wireless device interface
component 106 for obtaining wireless device information and
user event information from a variety of wireless devices. The
communication management system 102 can further include
a data processing component 108 for processing the wireless
device information and user event information, and/or addi-
tional information to determine connection events based on
determined connection patterns for the wireless device to
exchange information via one of the wireless communication
networks 114, 115. The communication management system
102 can also include a program processing component 109
for processing the program usage information and the pro-
gram consumption information and/or additional information
to determine data that will likely be accessed by a user of the
programs (anticipated data). The communication manage-
ment system 102 can further be associated with a communi-
cation management data store 110 for storing information
obtained by the interface components 104, 106 and/or utilized
by the data processing component 108 and/or the program
processing component 109, as will be explained in greater
detail below.

One skilled in the relevant art will appreciate that the com-
munication management system 102 may correspond to a
number of computer devices, such as server computing
devices. Additionally, the external data source interface com-
ponent 104, wireless device interface component 106, data
processing component 108 and/or the program processing



US 9,167,404 B1

9

component 109 may be implemented in a single computing
device or across multiple computing devices. Likewise,
although the communication management data store 110 is
illustrated as local to the communication management system
102, the data store 110 can correspond to a distributed data
store and/or network-based data store. One skilled in the
relevant art will also appreciate that the communication man-
agement system 102 may include any one of a number of
additional hardware and software components that would be
utilized in the illustrative computerized network environment
to carry out the illustrative functions of the system 102 and/or
any of the individually identified components.

With continued reference to FIG. 1, the wireless device
management environment 100 can include any number of
wireless devices 112. The wireless devices 112 can corre-
spond to a wide variety of devices or components that are
capable of initiating, receiving or facilitating communica-
tions over a communication network including, but not lim-
ited to, personal computing devices, electronic book readers
(e.g., e-book readers), hand held computing devices, inte-
grated components for inclusion in computing devices, home
electronics, appliances, vehicles, machinery, mobile tele-
phones, modems, personal digital assistants, laptop comput-
ers, gaming devices, and the like. In an illustrative embodi-
ment, the wireless devices 112 include a wide variety of
software and hardware components for establishing commu-
nications over one or more communication networks, includ-
ing WAN communication network 114, WLAN communica-
tion network 115 or a wired communication network (not
shown). [llustrative components of a wireless device 112 will
be described in greater detail with regard to FIG. 2.

In an illustrative embodiment, the wireless device manage-
ment environment 100 can include a number of additional
components, systems and/or subsystems for facilitating com-
munications with the wireless devices 112 and/or the com-
munication management system 102. The additional compo-
nents can include one or more mobile switching centers 116
for establishing communications with the wireless devices
112 via a variable fee wireless network 114 and/or a fixed fee
wireless network 115. The variable fee wireless network and/
or the fixed fee wireless network may be any form of wireless
communication network. For example, either or both of the
variable fee wireless network 114 and the fixed fee wireless
network 115 may be based on a WAN or based on WLAN,
such as the family of IEEE 802.11 technical standards
(“WiF1”), awireless network based on IEEE 802.16 standards
(“WiMax™), and other wireless networks. As illustrated in
FIG. 1, the mobile switching center 116 includes interfaces
for establishing various communications via a communica-
tion network 118, such as the Internet, intranets, private net-
works and point to point networks, generally referred to as the
“network.”

The wireless device management environment 100 can
further include one or more network data source components
120 for providing external information corresponding to
aspects of the wireless devices 112. The network data source
components 120 may include a number of computing devices
for obtaining and processing requests for information from
either the communication management system 102 and/or the
wireless devices 112. Additionally, wireless device manage-
ment environment 100 can further include a number of com-
puting devices 122 for transmitting information via the com-
munication network 118 to the communication management
system 102 and/or the wireless devices 112. In an illustrative
embodiment, the computing devices 122 can include various
hardware and/or software components, such as a browser
software application or another software application, for con-
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figuring, monitoring, or maintaining anticipated wireless
device communication events, wireless device connection
patterns and information.

With reference now to FIG. 2, illustrative components of a
wireless device 112 for use in determining anticipated wire-
less device connection patterns, planning data exchange and
transmitting a set of data based on anticipated connection
events will be described. The wireless device 112 may
include one or more processing units 202, such as one or more
CPUs. The wireless device 112 may also include system
memory 204, which may correspond to any combination of
volatile and/or non-volatile storage mechanisms. The system
memory 204 may store information which provides an oper-
ating system component 206, various program modules 208,
program data 210, and/or other components. The wireless
device 112 performs functions by using the processing unit(s)
202 to execute instructions provided by the system memory
204. The wireless device 112 may also include one or more
input devices 212 (keyboard, mouse device, specialized
selection keys, microphone, touch based display, etc.) and
one or more output devices 214 (displays, printers, audio
output mechanisms, etc.).

With continued reference to FIG. 2, the wireless device 112
may also include one or more types of removable storage 216
and one or more types of non-removable storage 218. Still
further, the wireless device 112 can include communication
components 220 for facilitating communication via wired
and wireless networks, such as the variable fee wireless net-
work 114, the fixed fee wireless network 115 and network 118
(FIG. 1). As will be explained in greater detail below, the
wireless device 112 can also include a communication man-
agement component 222 and associated data store 224. The
communication management component 222 may process
wireless device information, user event information, program
usage information and/or program consumption information
and determine anticipated connection events based on deter-
mined connection patterns. Based on the determined antici-
pated connection events, the communication management
component 222 may also plan the exchange of data via a fixed
fee wireless network during an anticipated fixed fee wireless
network connection event. The data store 224 may store such
information. The communication management component
222 may further be operative to generate requests to the
communication management system 102 (FIG. 1) for a set of
data during an anticipated connection event. The above-enu-
merated list of modules is representative and is not exhaustive
of the types of functions performed, or modules imple-
mented, by the wireless device 112. One skilled in the rel-
evant art will appreciate that additional or alternative compo-
nents may also be included in the wireless device 112 to carry
out other intended functions such as for an electronic book
reader, mobile telephone or tablet computing device.

FIG. 3 is a block diagram of a more detailed view of
portions of a wireless device 112, the communication man-
agement system 102 and accompanying data stores 110, 120.
As discussed above, the wireless device and the communica-
tion management system 102 exchange information over a
network 118, such as device connection information, user
event information, program usage information, and/or pro-
gram consumption information, to determine wireless device
112 connection patterns and anticipated data use and to plan
delivery of anticipated data during a fixed fee wireless net-
work connection event. In some implementations, the data
processing components 222, 108 may exchange wireless
device information and user event information while various
program modules 208, such as program module 1 208(4),
program module 2 208(5) and program module 3 208(6)
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exchange program usage information and/or program con-
sumption information with respective program processing
modules 109, such as program processing module 1 109(1),
program processing module 2 109(2) and program processing
module 3 109(3).

In such a distributed environment, the data processing
components 108, 202 may determine wireless device connec-
tion patterns and plan delivery of anticipated data during the
occurrence of one or more anticipated fixed fee wireless
network connection events. For example, the data processing
component 222 may obtain user information from some user
centric program modules 208, such as a calendar program
module 208(1), an e-mail program module 208(2), a task
program module 208(3), and/or any other types of program
modules 208 and provide that data to the data processing
component 108 of the communication management system
102. Likewise, the data processing component 222 may col-
lect and provide wireless device connection information,
such as the type of wireless network to which the wireless
device 112 is connected, the duration of the connection, when
the device is in an active or idle state, whether the device is
operating on battery or connected power, the location of the
device, and the like.

The data processing component 108 of the communication
management system 102 may receive the wireless device
information and user event information in conjunction with
external information, such as that obtained from the network
data store 102 to determine wireless device connection pat-
terns for predetermined periods of time (e.g., twenty-four
hours). Additional details are provided below with respect to
FIGS. 7-11 for determining wireless device connection pat-
terns, according to some implementations.

The program processing components 109 of the commu-
nication management system 102 may receive program usage
information and/or program consumption information from
the program modules 208 of the wireless device 112 and use
that information in conjunction with external information to
determine anticipated data that will likely be accessed by the
user when using that program. For example, program module
1 208(4) may be a newsfeed program and provide the pro-
gram processing component 1 109(1) with information iden-
tifying that the user of the wireless device 112 typically
requests political news when accessing the newsfeed pro-
gram. The program processing component 1 109(1) may
receive that information from the program module 1 208(4)
and in conjunction with external information, such as news
information obtained from the network data store 120, may
identify news articles that will likely be accessed by the user
of the wireless device 112 during the next access of the
program module 1 208(4). This collection of information and
identification of the most likely data to be accessed by each
program module 208 may be done by the respective program
processing components 109 of the communication manage-
ment system 102. Upon identification, each program process-
ing component 109(1)-109(3) may identify to the data pro-
cessing component 108 the data that it views as most likely to
be accessed by the user of the wireless device 112. The data
processing component 108, upon receiving information from
the program processing components 109, in conjunction with
information received from the data processing component
222, information stored in the communication management
data store 110 and/or information stored in the external net-
work data store 120, may prioritize the anticipated data into
one or more sets of data and plan delivery of those sets of data
to be delivered to the wireless device 112 during one or more
anticipated fixed fee wireless network connection events. Pri-
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oritizing and planning delivery of anticipated data to a wire-
less device 112 is discussed in further detail below with
respect to FIGS. 12-13.

Still further, the data processing component 108 of the
communication management system 102 may provide to the
data processing component 222 of the wireless device 112
determined connection patterns for periods of time. Alterna-
tively, the data processing component 222 may independently
determine wireless device connection patterns based on wire-
less device information collected by the data processing com-
ponent 222.

Regardless, based on the determined wireless device con-
nection patterns, upon identification of an occurrence of an
anticipated wireless device connection event, the data pro-
cessing component 222 of the wireless device 112 may notify
the data processing component 108 of the occurrence of the
anticipated connection event and the communication man-
agement system 102 may coordinate to exchange the set of
data planned for delivery during the anticipated connection
event that is occurring. Further details with regard to delivery
of data during an occurrence of an anticipated connection
event are described below with respect to FIGS. 14 and 15.

With reference now to FIGS. 4-6, the interaction between
the various components of the wireless device management
environment 100 (FIG. 1) will be described. With reference to
FIG. 4, in one implementation, the program modules 208 of
the wireless device 112 provide program usage information to
the data processing component 222 of the wireless device
112. The data processing component 222 or another compo-
nent of the wireless device 112 receives or otherwise obtains
the program usage information, collects wireless device
information and user event information and provides that
information over the network 118 to the data processing com-
ponent 108 of the communication management system 102.
As previously described, program usage information can
include a variety of information such as, but not limited to, the
program modules accessed, the data accessed within each
program module, the time at which each program module was
accessed, the duration of time each program module was
accessed, and the like. Examples of program module usage
information include, but are not limited to e-mail program
access time, e-mails viewed, identification of data associated
with emails, news article types accessed, the time and/or
location during which a program module is accessed, and the
like.

Also, as previously discussed, the wireless device informa-
tion and user event information can correspond to a variety of
information including, but not limited to, wireless device
performance metrics, wireless device location information,
wireless device network connection information, and the like.
The wireless device information and user event information
can also correspond to user interaction information associ-
ated with commands/controls initiated or manipulated by a
user, whether the device is in an active or idle state, whether
the device is charging or operating on battery power, etc.
Examples of user interaction include, but are not limited to,
use of the device, unplugging the device, disabling a commu-
nication component, such as a wireless modem, etc., selecting
a limited communication mode on the wireless device, and
the like. The wireless device information and user event infor-
mation can also include additional external information, such
as user profile or preference information, user calendaring
information, task information, and the like.

Based on the wireless device information and user event
information, the communication management system 102,
through the data processing component 108, determines a
wireless device connection pattern for a predetermined
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period of time (e.g., twenty-four hours) that includes a series
of anticipated device connection events that identify whether
the device will likely be connected to a fixed fee wireless
network, a variable fee wireless network, or unavailable. For
example, the communication management component 108
may determine, based on wireless device connection infor-
mation received and analyzed over a period of time, a stan-
dard wireless device connection pattern for a period of time.
Comparing that with user event information, potential con-
nection event exceptions may be determined that identify
when the device may not be following the standard wireless
device connection pattern. By combining the standard wire-
less device connection patterns and any identified exceptions,
a device connection pattern may be determined that includes
a series of anticipated connection events occurring during a
period of time. In some implementations, a degree of prob-
ability or certainty may be assigned to each anticipated con-
nection event identifying the likelihood that the anticipated
connection event will occur.

The determined device connection pattern may then be
returned to the wireless device 112 to enable the wireless
device 112, via the data processing component 222, to moni-
tor for anticipated connection events identified in the deter-
mined wireless device connection pattern. As discussed
above, in an alternative implementation, the data processing
component 222 ofthe wireless device 112 may independently
or in conjunction with the data processing component 108 of
the communication management system 102 determine wire-
less device connection patterns and/or identify anticipated
wireless device connection events.

Also, as illustrated in FIG. 4, the program processing com-
ponent 109 of the communication management system 102
may determine anticipated data use for each of the various
program modules 208 of the wireless device 112. For
example, if there are twelve different program modules
within the wireless device 112 that a user of the wireless
device frequently accesses, the respective program process-
ing component 109 of the communication management sys-
tem 102 may obtain information, such as program usage
information and/or program consumption information, about
those program modules 208 and determine for each the most
likely data that will be requested (anticipated data). In some
implementations, each respective program processing com-
ponent 109 may identify the most likely item of data to be
accessed by each program module 208 independent of other
program modules. An identification of the anticipated data
may then be provided to the data processing component 108
of the communication management system 102.

Upon receiving the identification of anticipated data and
the program usage information, the data processing compo-
nent 108 of the communication management system 102 may
develop a data delivery plan such that the anticipated data that
is most likely to be accessed by the user during an anticipated
variable fee wireless network connection event is planned for
delivery such that it will be delivered to the wireless device
112 during a fixed fee wireless connection event that occurs
before the anticipated data use. For example, if the news-
reader program processing component associated with the
respective newsreader program module identifies anticipated
data as political news, and the program usage information
provided by the data processing component 222 identifies
that the user of the wireless device 112 typically accesses the
newsreader program module between 09:00-10:00, the data
processing component 108 may plan delivery of the antici-
pated data such that it will be delivered to the device during a
fixed fee wireless network connection event that occurs
before 09:00. In this example, the determined device connec-
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tion patterns may identify an anticipated fixed fee wireless
network connection event that occurs between 05:00 and
07:00. In such an instance, the data processing component
108 may develop a data delivery plan that plans for delivery of
the anticipated data —news information—to occur during the
fixed fee wireless network connection event that is antici-
pated to occur between 05:00 and 07:00. The data delivery
plan may continue to be developed for each anticipated data
identified by the respective program processing components
109 based on the anticipated data use.

Turning now to FIG. 5, at some point during operation, the
wireless device 112 may identify the occurrence of an antici-
pated fixed fee wireless device connection event and notify
the data processing component 108 of the communication
management system 102 of the anticipated connection event
occurrence. In some implementations, additional information
about the wireless device 112 and/or the connection event
may also be provided. For example, the wireless device 112
may provide information to the communication management
system 102 identifying whether the device is in an active
state, an idle state, stationary, operating on battery power,
charging, device location, etc.

In addition to identitying the occurrence of the connection
event and optionally providing additional details, the wireless
device 112, via the program modules 208, may identity the
specific data stored and/or accessed by each of the program
modules 208 and identify any anticipated data that has been
delivered to the device but not yet accessed. In addition, the
program modules 208 may provide an update as to the con-
sumption information for each program. As discussed above,
consumption information may include identification of the
information consumed by the user when accessing the pro-
gram module, such as how far they have read in abook, or how
far they have progressed.

Upon receiving identification of the connection event, the
communication management system updates data informa-
tion for each program module and/or consumption informa-
tion for each program module and may update the previously
determined data delivery plan to ensure that it corresponds
with the data available and/or consumed by the program
modules on the wireless device. For example, referring again
to the news program module, upon the occurrence of a con-
nection event, the news program module may identify to the
respective program processing component 109 that the politi-
cal morning news that had been delivered and stored on the
wireless device 112 during a prior fixed fee wireless network
connection event has not been accessed by the user of the
wireless device 112 and is no longer available for access (e.g.,
it was overwritten to make room for other information). Upon
receiving this information, the respective news program pro-
cessing component may update the list of anticipated data to
include the political morning news information as the most
anticipated data to be accessed by the user via the news
program module. The updated anticipated data is provided by
the respective program processing modules 109 to the data
processing component 108 of the communication manage-
ment system 102.

Turning now to FIG. 6, upon receiving the updated antici-
pated datalist from each of the respective program processing
components 109, the data processing component 108 makes
any adjustments to the data delivery plan and provides data
delivery instructions to each of the respective program pro-
cessing components 109. For example, even though the pro-
gram processing component 109 associated with the news
program module has identified the morning political news as
anticipated data that is needed on the wireless device 112, the
data processing component 108 may determine, based on the
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user’s program usage information, that it is more likely the
user will access sports scores from the previous night’s games
before accessing the political news program module and
accordingly plan delivery of the sports scores before delivery
of the morning political news.

Upon receiving the data delivery schedule, the respective
program processing components 109 of the communication
management system 102 delivers the identified data to
respective program modules 208 of the wireless device 112
during the occurrence of the fixed fee wireless device network
connection event.

FIG. 7 illustrates an example process 700 for determining
wireless device connection patterns, according to an imple-
mentation. The example process 700 and each of the other
processes described herein are illustrated as a collection of
blocks in a logical flow graph. Some of the blocks represent
operations that can be implemented in hardware, software, or
a combination thereof. In the context of software, the blocks
represent computer-executable instructions stored on one or
more computer-readable media that, when executed by one or
more processors, perform the recited operations. Generally,
computer-executable instructions include routines, pro-
grams, objects, components, data structures, and the like that
perform particular functions or implement particular abstract
data types.

The computer-readable media may include non-transitory
computer-readable storage media, which may include hard
drives, floppy diskettes, optical disks, CD-ROMs, DVDs,
read-only memories (ROMs), random access memories
(RAMs), EPROMs, EEPROMs, flash memory, magnetic or
optical cards, solid-state memory devices, or other types of
storage media suitable for storing electronic instructions. In
addition, in some implementations the computer-readable
media may include a transitory computer-readable signal (in
compressed or uncompressed form). Examples of computer-
readable signals, whether modulated using a carrier or not,
include, but are not limited to, signals that a computer system
hosting or running a computer program can be configured to
access, including signals downloaded or uploaded through
the Internet or other networks. Finally, the order in which the
operations are described is not intended to be construed as a
limitation, and any number of the described operations can be
combined in any order and/or in parallel to implement the
process. Likewise, additional or fewer operations than those
described may be utilized with the various implementations
described herein.

The example process 700 begins upon receipt of device
connection information, as in 702. For example, device con-
nection information may identify the type of network to
which the wireless device is connected, whether the wireless
network is a secure or a known network, the location of the
device, the signal strength and connection quality between
the wireless device and the network, etc. As wireless device
connection information is received, that information may be
stored and aggregated over a period of time to determine
recurring connection events that may be combined to develop
a standard connection pattern. Standard connection patterns
represent a typical connection event behavior pattern of a
wireless device identifying the types of networks to which the
wireless device connects during a period of time. For
example, FIG. 8 provides a block diagram of a series of
connection events that make up a device’s determined stan-
dard connection pattern 800 for a twenty-four hour period,
according to an implementation. The standard connection
pattern 800 may be determined based on information col-
lected over a period of time that has been aggregated to
identify similarities in connection events of the wireless
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device. In this example, the standard connection pattern 800
may represent a standard connection event pattern for a wire-
less device during a user’s typical workday, such as a Mon-
day. As illustrated by the standard connection pattern 800,
between 00:00-05:00 hours, the connection event 802 is typi-
cally that the wireless device is in an idle state connected to a
fixed fee wireless network (in this example a home network)
and the device is charging. Between the hours of 05:00 and
07:00, after the user has awakened, the connection event 804
illustrates that the device transitions to an active state, oper-
ates on battery power, but remains connected to the fixed fee
wireless network (home network).

Next, the standard connection pattern 800 illustrates that
between the hours of 07:00-08:00, the wireless device con-
nection event 806 is that of an idle state, battery-powered, but
connected to a variable fee wireless network. This period of
time may be representative of time spent by the user commut-
ing from their home to a train station where the device is idle
in the user’s car but connected to an operator’s variable fee
wireless network. As part of that commute, during the hour
between 08:00-09:00, the device transitions to a connection
event 808 in which it is unavailable. For example, the user
may take a train or subway as part of their daily commute to
work in which there is no wireless network to which the
wireless device can connect. Even though the wireless device
is not connected to a wireless network during this time, the
user may still interact with the device (e.g., access program
modules and consume information) and such interactions
may be captured and stored on the wireless device. When a
connection is re-established the usage information, including
program module usage, time of'access, information accessed,
etc., may be provided.

At approximately 09:00, the wireless device connection
event 810 occurs in which the wireless device is in an idle
state, connected to a fixed fee wireless network (work) and
remains on battery power. The connection event 810 typically
remains active until 12:00. Between 12:00-13:00, the device
typically operates in a connection event 812 such that the
device is connected to a variable fee wireless network, battery
operated and active. This may be representative of a time
when the user takes a lunch break from work, leaves the office
and goes out for a meal.

After lunch, the user typically returns to work and the
wireless device undergoes another transition to a connection
event 814 of an idle state, connected to a fixed fee wireless
network (work) and remains on battery power. This connec-
tion event 814 may persist until the end of the users work day
at approximately 17:00. During this standard twenty-four
hour period, the user begins his/her commute home returning
to the subway or train such that the device again experiences
a connection event 816 and becomes unavailable, this time
between 17:00-18:00. Next, the connection event 818
included in the standard connection pattern 800 illustrates
that the wireless device reconnects with a variable fee net-
work, remains in an idle state and continues operating on
battery power.

When the user returns home with the wireless device, as
illustrated by the connection event 820, the user continues to
use the device, keeping it in an active state, on battery power
but connected to a fixed fee wireless network between 19:00-
22:00. Finally, the wireless device returns to a connection
event 222 in which it is in an idle state, charging and con-
nected to the fixed fee wireless network until the end of the
twenty-four hour period.

Standard connection patterns may be developed over a
period of time by collecting connection events over different
days and identifying commonalities between determined
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periods of time. For example, some users may awake and go
to sleep at approximately the same time every day and take the
same path to and from work. Due to the regular user behavior,
strong correlations can be drawn between multiple different
days over a long period and connection events that make up a
connection pattern may be anticipated with a high degree of
probability.

Returning to FIG. 7, the example process 700 obtains user
event information, as in 706. As discussed above, user event
information may be obtained from a variety of sources,
including information from program modules, external infor-
mation, and/or directly from the user. For example, the
example process 700 may query and identify user event infor-
mation based off of the user’s calendar and events and activi-
ties scheduled on the calendar. For example, FIG. 9 illustrates
a block diagram 900 identifying a series of user events iden-
tified for a twenty-four hour period. In this example, a first
user event 902 for the user is identified as an alarm that this is
scheduled for 04:00. A second user event 904 is “Breakfast
with Dan in Seattle” between 07:00-08:30. The third user
event 906 is a Meeting with Steve between 09:30-10:00 fol-
lowed by a user event 908 which is a call with John between
14:00-14:30. Finally, the next user event identified for the
twenty-hour period is the user event 910 identifying a flight to
Tokyo beginning at 17:00 and continuing until the end of the
twenty-four hour period.

Standard connection patterns and user event information
may be determined over a predetermined period of time that
is continually updated and moved forward as time progresses.
For example, standard connection patterns and user events
may be determined and maintained for twenty-four hour peri-
ods. However, the twenty-four hours may be continually
updated based on the increments in which wireless device
connection information is received.

Returning to FIG. 7, based on the determined standard
connection pattern and the identified user event information,
potential exceptions to the standard connection pattern may
be identified, as in 708. In some implementations, the stan-
dard connection pattern and user event information may be
compared to identify user events that may alter or otherwise
modify the standard connection pattern. For example, com-
paring the standard connection pattern 800 to the identified
user event information 900, the example process 700 may
determine the potential exceptions illustrated in FIG. 10.
Specifically, FIG. 10 is a block diagram of determined wire-
less device connection pattern exceptions 1000 identified
based on a device’s determined standard connection pattern
800 and a user’s identified event information 900 for a
twenty-four hour period, according to an implementation. As
shown, potential exceptions include the potential exception
1002 of the 04:00 alarm, the potential exception 1004 of
Breaktfast with Dan in Seattle from 07:00-08:30, the potential
exception 1006 of a call with John from 13:45-14:45 and the
potential exception 1008 of a flight to Tokyo from 17:30-23:
59. Potential exceptions are any user events that may result in
the standard connection pattern being modified as a result of
the user’s altered behavior.

For example, the user event 902 of a 04:00 alarm poten-
tially impacts the standard connection pattern 800 in which
the device typically remains in the connection event 802 in an
idle state, charging and connected to a fixed fee wireless
network until 05:00. At 05:00, the wireless device typically
transitions to the connection event 804 of an active state,
operating on battery but still connected to a fixed fee wireless
network. These two events indicate that the user typically
does not awaken until closer to 05:00. Thus, the user event
902 of the 04:00 alarm is identified as a potential exception
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1002. Identifying the user event 902 as a potential exception
may further be confirmed by comparing other user events that
typically occur or coincide with the standard connection pat-
tern. For example, it may be determined that a user event of an
alarm is typically scheduled for 05:00 on days in which the
connection event 802 and the connection event 804 occur.

Likewise, the user event 904 of breakfast with Dan in
Seattle between 07:00 and 08:30 can be identified as a poten-
tial exception 1004 because the standard connection pattern
illustrates that the user is typically commuting to work
between the hours of 07:00-08:30, not in Seattle having
breakfast. In this example, the user behavior that corresponds
to the standard connection pattern may be determined based
on additional information collected and stored as part of the
connection events. Such information may include, but is not
limited to, device location, user events, connections, etc.
Likewise, the potential exception 1004 may be identified by
analyzing the data or structure of the user event to identify not
only a time of the user event but to also determine a potential
location for the user event, in this example Seattle.

The user event 906 of a meeting with Steve does not create
a potential exception because even though the user event
exists, it may be determined that the meeting with Steve is
part of the user’s standard workweek and thus will not impact
the standard connection pattern. However, the final two user
events 908, 910 both result in potential exceptions 1008, 1010
because they do not correspond with the user’s normal sched-
ule and thus may alter the standard connection pattern 800.
For example, between the hours of 17:00 to the end of the
twenty-four hour period, the user is typically commuting
home from work, using the wireless device at home and then
charging the device while the user sleeps. In contrast, the user
event 910 identifying that the user is scheduled for a flight to
Tokyo is an exception to this standard connection pattern and
user behavior.

Any type of user event or other information that may rep-
resent a deviation from the user’s normal schedule may be
identified as a potential exception.

Returning again to FIG. 7, upon identifying potential
exceptions to the standard connection pattern, a determina-
tion is made as to whether there are any associated devices, as
in 710. An associated device may be any other device asso-
ciated with the wireless device and/or the user of the wireless
device. For example, if the wireless device is a smart phone,
the associated device may be a user’s tablet. Likewise, mul-
tiple users (e.g. husband and wife) may identify respective
wireless devices as associated devices so that information
may be shared among those devices. If it is determined that
there are associated devices, user event information for the
users associated with those devices is obtained, as in 712.
Event information of users associated with those associated
devices may include additional user event information for the
user of the wireless device or event information for another
user.

The example process 700 may then determine whether any
of the event information obtained from associated devices
results in a potential overlap or other impact on the user of the
wireless device, as in 714. If it is determined that there are
potential events that may impact the user of the wireless
device, the events are analyzed and, if necessary, added to the
list of potential exceptions, as in 716.

If it is determined that there are no associated devices
(block 710), there are no events with associated devices that
result in potential user input (block 714) or after an event is
added to a list of potential exceptions (block 716), device
connection patterns are determined and/or updated, as in 718.
For example, a comparison may be made between the stan-
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dard connection pattern 800 and identified potential excep-
tions 1000 to adjust and/or modify the anticipated connection
events that make up the standard connection pattern to
develop a planned wireless device connection pattern, as
illustrated in FIG. 11.

Specifically, FIG. 11 illustrates a block diagram of a
device’s determined planned connection pattern 1100 for a
twenty-four hour period, according to an implementation. As
shown in the planned connection pattern 1100, portions of the
standard connection pattern 800 have been shifted to corre-
spond with the anticipated modified behavior of the user
based on the identified potential exceptions. In some
instances, anticipated connection events have also been
changed to correspond with the identified potential excep-
tions. For example, the connection event 802 in which the
device is in an idle state, charging and connected to a fixed fee
wireless network from the start of the twenty-four hour period
until 05:00 is modified to account for the user event 902 of an
alarm at 04:00. Specifically, in this example, the connection
event is modified such that the connection event 1102 of the
planned connection pattern 1100 in which the deviceis anidle
state, charging, and connected to a fixed fee wireless network
is anticipated to occur between the start of the twenty-four
hour period and 04:00. At 0:400 the user wakes up and the
wireless device likely transitions to the connection event
1104 in which the device is in an active state, operating on
battery power, but still connected to the fixed fee wireless
network. Likewise, the connection events 806, 808 that typi-
cally occur while the user is commuting to work between
07:00-09:00 are shifted such that the similar connection
events 1106, 1108 are anticipated to occur earlier in the
planned connection pattern 1100 to account for the user event
904 in which the user is planning to have breakfast with Dan
in Seattle. Specifically, the example process is anticipating
that the user will commute to Seattle earlier than normal so
that the user can attend the scheduled breakfast meeting.

After the user event 904 of breakfast with Dan in Seattle,
the user proceeds according to their typical behavior pattern
and the standard connection pattern persists until the user
event 908. Because the user event 908 of calling John between
14:00 and 14:30 is not part of the user’s typical behavior, the
example process 700 may create a larger anticipated connec-
tion event to account for the uncertainty. In this example, the
connection event 1110 surrounding the scheduled user event
908 is scheduled to occur 15 minutes before the planned user
event 908. In addition, in this example, because of the subse-
quent user event 910 of a flight to Tokyo, the planned con-
nection pattern 1100 may account for the travel time required
for the user to travel to the airport and check in for the flight.
In this example, the travel time and the time required to check
into the flight is determined to result in an anticipated con-
nection event in which the wireless device is likely in an
active state, operating on battery power, and connected to a
variable fee wireless network. As a result, the anticipated
connection event 1110 is scheduled to begin before the user
event 908 of a call with John and continue until the user likely
arrives at the airport at approximately 16:30.

Because the user of this device frequently travels, the
example process 700 may use past experience to determine
when the user will likely arrive at the airport and the type of
connection event the wireless device will likely experience
while at the airport before departing on the flight to Tokyo. As
illustrated, it’s anticipated in the planned connection pattern
1100 that the user will arrive at the airport at approximately
16:30 and the wireless device will transition to a connection
event 1112 in which the device is operating in an active state,
on battery power, but connected to a fixed fee wireless net-
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work (e.g., the WLAN available at the airport) and that the
wireless device will remain in this connection event 1112
until it is powered off at the departure of the flight to Tokyo
and transition to an unavailable connection event 1114.

In some implementations, anticipated connection events
may be categorized into one or more classes. For example, as
illustrated in FIG. 7, the various anticipated connection
events are assigned to one of categories P1-P9:

Category Device Status Connection Type Power Source
P1 Idle Fixed Fee Wireless Network ~ Charging

P2 Idle Fixed Fee Wireless Network ~ Battery

P3 Active Fixed Fee Wireless Network ~ Charging

P4 Active Fixed Fee Wireless Network ~ Battery

Ps Idle Variable Fee Wireless Network Charging

P6 Idle Variable Fee Wireless Network Battery

P7 Active Variable Fee Wireless Network Charging

P8 Active Variable Fee Wireless Network Battery

P9 Unavailable

Additional or fewer categories may be established and used
to determine when to plan a data exchange. For example,
within any or each of categories P1-P4 there may be addi-
tional categories dependent upon whether the fixed fee wire-
less network is a secure or known network or a public network
in which exchanged data may not be protected. Likewise,
additional or fewer device information may be maintained for
each category.

Returning again to FIG. 7, in some implementations, a
confidence level of the occurrence of each of the anticipated
connection events included in the planned connection pattern
1100 may be determined. For example, a confidence interval
or likelihood of occurrence may be associated with each
anticipated connection event based on a probability that the
anticipated connection event will occur. For example, there is
a high probability (90%) based off of past user behavior and
the potential exceptions that the anticipated connection event
1102 will occur. However, in comparison, due to the uncer-
tainty surrounding the user event 1006 in which the user is
planning to call John, a lower degree of probability (33%) is
assigned to the anticipated connection event 1110 because it
may be difficult to determine where and for how long the user
event will occur.

FIGS. 12 and 13 illustrate an example process 1200 for
determining a data delivery plan, according to an implemen-
tation. The example process 1200 begins upon receipt of an
identification of anticipated data for each of the program
modules, as in 1202. As discussed above, the program mod-
ules of a wireless device and/or the respective program pro-
cessing components of the communication management sys-
tem may periodically identify program consumption
information by the user of the wireless device and anticipated
data that will likely be accessed in the near future through the
respective program. For anticipated data, a determination is
made as to the size of the identified anticipated data. The
determined size may be used in computing an estimated data
transfer time necessary to transfer the anticipated data
between the communication management system and the
wireless device, as in 1204.

In addition, a determination may be made as to the likely
time of the data use within the predetermined timeframe that
a user of the wireless device will access each identified antici-
pated data, as in 1206. For example, a user’s past usage
information for respective program modules may be utilized
to determine when anticipated data use will likely occur by
the user of the wireless device. In addition to determining the
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likely access time, the example process 1200 may also deter-
mine a probability or likelihood that the anticipated data will
be accessed, as in 1208. Such information may also be deter-
mined from the collected program usage information and/or
program consumption information by considering the fre-
quency with which the user accesses the respective program
module during a corresponding period of time. For example,
if a user accesses a program module that provides stock
related information every morning, it may be determined that
there is a high likelihood of access of the anticipated data
identified by that program module. Based on the determined
likelihood of access and the determined likely access time,
the identified anticipated data may be ranked, as in 1210. For
example, anticipated data with the highest likelihood of
access earliest in the time period under consideration may
receive the highest rank or priority. Other anticipated data
may be ranked or otherwise prioritized in a similar manner.

In addition to ranking or otherwise prioritizing the identi-
fied anticipated data, the example process 1200 may identify
high probability P1-P4 anticipated connection events
included in a planned connection pattern, as in 1212, and
identify a time and duration of each of those anticipated
connection events, as in 1214. As discussed above, antici-
pated connection events within a planned connection pattern
may be assigned different probabilities representing the cer-
tainty in which those events are likely to occur. For example,
connection events that occur on a regular schedule may be
assigned a high probability of occurrence. To illustrate, refer-
ring back to the planned delivery schedule 1100, the connec-
tion event 1102, which is representative of the device being
plugged in, charging and connected to the user’s home fixed
fee wireless network occurs on a consistent and recurring
schedule and thus may be assigned a high probability of
occurrence.

Referring now to FIG. 13, the example process 1200 con-
tinues and a determination is made as to whether sufficient
time exists during the next to occur high probability P1-P4
anticipated connection event to allow delivery of the next
highest-ranking identified anticipated data, as in 1216. In
some implementations, a high probability P1-P4 anticipated
connection event may be identified as any P1-P4 anticipated
connection event for which a 50% or higher probability of
occurrence has been assigned. In other implementations, dif-
ferent levels of probability or no probability of occurrence
may be used in identifying P1-P4 anticipated connection
events.

If it is determined that sufficient time does exist within the
next high probability P1-P4 anticipated connection event, the
anticipated data is planned for delivery during that anticipated
connection event, as in 1218, and the example process con-
tinues to decision block 1234, as discussed below. However,
if itis determined that sufficient time does not exist in the next
high probability P1-P4 anticipated connection event, a deter-
mination is made as to whether there is a subsequent high
probability P1-P4 connection event that is anticipated to
occur before likely access of the anticipated data that will
allow for sufficient time to deliver the anticipated data to the
wireless device, as in 1220. If it is determined that a subse-
quent high probability P1-P4 anticipated connection event
exists, the anticipated data is planned for delivery during the
occurrence of that subsequent P1-P4 anticipated connection
event, as in 1222. Once planned, the example process 1200
continues to decision block 1234, as discussed below.

Ifitis determined that a subsequent high probability P1-P4
anticipated connection event is not scheduled to occur before
likely access of the anticipated data, a determination is made
as to whether there is a low probability P1-P4 anticipated
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connection event planned to occur before likely access of the
anticipated data that will allow sufficient time for delivery of
the anticipated data, as in 1224. Similar to the above, if it is
determined that there is a low probability P1-P4 connection
event that is anticipated to occur before likely access of the
anticipated data, the anticipated data is scheduled for delivery
during the occurrence of that low probability P1-P4 antici-
pated connection event, as in 1226.

Finally, if it is determined that there are no high or low
probability P1-P4 connection events anticipated to occur
before likely access of the identified anticipated data or if the
identified anticipated data is planned for delivery to occur
during a low probability P1-P4 anticipated connection event,
a determination may also be made as to whether likely access
of the anticipated data may occur during an anticipated P9
connection event, as in 1228. If it is determined that access of
the anticipated data is likely to occur during an anticipated P9
connection event, the example process 1200 may also plan
delivery of the anticipated data to occur during a P5-P8 con-
nection event anticipated to occur before the P9 connection
event, as in 1230. This may be done to ensure delivery of the
data item before the P9 connection event so it is available to
the user even though a user may incur a charge for the deliv-
ery. Once planned, the example process 1200 continues to
decision block 1234, as discussed below.

However, if it is determined that likely access of the antici-
pated data is not going to occur during an anticipated P9
connection event, the anticipated data may not be pre-planned
for delivery, as in 1232, and a determination may be made as
to whether additional data items exist for which planning is to
be done, as in 1234. In other implementations, an additional
determination may be made as to whether additional data can
be transferred under a variable fee wireless connection with-
out the user incurring an additional charge. If it is determined
that a user is still under their variable fee transfer limits, the
example process 1100 may consider the amount of time (e.g.,
days or weeks) remaining before the user of the wireless
device loses credit for the available transfer of data. Based on
those factors, it may be determined whether sufficient data
transfer availability exists for the remainder of the period such
that the anticipated data can be transferred during a P5-P8
anticipated connection event without the user incurring an
additional charge. If sufficient data transfer remains, the
anticipated data may be planned for transfer during a P5-P8
anticipated connection event.

Returning to FIG. 12, if it is determined that additional
anticipated data exists for which planning is to occur, the
example process 1200 returns to decision block 1216 and
continues. However, if it is determined that planning for all
anticipated data has completed, the example process 1200
completes, as in 1236.

FIG. 14 illustrates an example process 1400 for delivering
data during an anticipated connection event, according to an
implementation. The example process 1400 begins upon
receipt of a notification of the occurrence of an anticipated
connection event, as in 1402. In addition, an update to the
identified anticipated data is received for each program, as in
subroutine 1404. The process for identifying anticipated data
and/or updating identified anticipated data is discussed below
with respect to FIG. 15.

Upon receiving an update of anticipated data, the delivery
plan for the occurring connection event may be updated to
account for any differences between the anticipated data
planned for delivery during the occurring connection event
and the updated anticipated data, as in 1406. For example, if
a prior anticipated connection event did not occur and not all
of the data planned for delivery during that prior connection
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event has been delivered to the wireless device, the delivery
plan for this anticipated connection event may be updated or
adjusted to include the anticipated data if it is still likely that
the user will access that data.

Once updated, the delivery plan corresponding to the
occurring connection event may be provided to the respective
program module processing components to enable delivery of
the anticipated data included in the delivery plan, as in 1408.
Upon delivering the updated delivery plan, the respective
program processing components initiate delivery of the
anticipated data, as in 1410, and the delivery may continue
until either the connection event terminates or all of the antici-
pated data identified in the delivery plan is delivered.

Once the planned anticipated data has been delivered, a
determination may be made as to whether time remains dur-
ing the occurring connection event to deliver additional
anticipated data, as in 1412. If it is determined that time
remains in the occurring connection event, a determination is
made as to whether there is anticipated data planned for a
future anticipated P5-P8 connection events that can be deliv-
ered during the remaining time of the occurring connection
event, as in 1414. If it is determined that anticipated data is
planned for a future anticipated P5-P8 connection event that
can be delivered during the remaining time of the occurring
connection event, the example process 1400 may instruct
delivery of that anticipated data, as in 1410. However, if it is
determined that additional anticipated data is not planned for
a future anticipated P5-P8 connection event, a determination
may be made as to whether additional anticipated data is
planned for a future P1-P4 anticipated connection event that
may be delivered during the remaining time of the occurring
connection event, as in 1416. If it is determined that delivery
of anticipated data is planned for a future P1-P4 anticipated
connection event and sufficient time exists during the occur-
ring connection event to deliver that anticipated data, the
example process 1400 may provide instructions to deliver
that data, as in 1410. However, ifit is determined that no time
remains in the occurring connection event to deliver addi-
tional data, or if it is determined that there is no additional
anticipated data to deliver, the example process completes as
in 1418. As will be appreciated, the order of decision block
1414, 1416 may be reversed and anticipated data scheduled
for aP1-P4 anticipated connection event identified and poten-
tially delivered first. In another implementation, the example
process 1414 may consider the ranking of anticipated data
that has not yet been delivered and begin delivering data with
the highest rank. Likewise, in some implementations, deliv-
ery of anticipated data beyond that of the anticipated data
planned for the occurring connection event may only occur if
the occurring connection event is one during which the device
is idle, thereby not impacting any potential use of the device
by a user.

FIG. 15 illustrates an example process 1500 for identifying
anticipated data, or updating an identification of anticipated
data for a program module operating on a wireless device,
according to an implementation. The example process 1500
may be performed for each program module and each pro-
gram module may independently, or collectively, provide an
identification of anticipated data for that program module.

The example process 1500 begins upon receiving identifi-
cation of data on the device for the program module, as in
1502. In some implementations, program usage information
and/or program consumption information may be provided
by the program module on the wireless device to identify the
data stored and/or accessed by the program module. In addi-
tion, the identified data on the wireless device for the program
module may include anticipated data that has previously been
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delivered and temporarily stored on the wireless device but
not yet accessed by the program module.

The program usage information and/or the program con-
sumption information may also be used to identify the con-
sumption information for the program module on the wireless
device, as in 1504. Based on the data stored on the wireless
device and the consumption information for the program
module, available data that may be of potential interest and
likely accessed by a user of the program module on the
wireless device is identified, as in 1506. As will be appreci-
ated, a variety of techniques may be used to identify data of
potential interest to a user. For example, if the data consumed
by the program is a book or series of books, information about
the series of books and/or information about what other users
typically read upon completing the book that the user is
currently consuming in the program module may be used to
identify available data that will be of likely interest to the user.
Any technique for identifying available data of interest may
be used with the various implementations described herein.

Upon identifying data of potential interest to the user that
may be accessed through the program module, a determina-
tion is made as to whether external and/or group information
should also be considered, as in 1508. Such external infor-
mation may be representative of events or information that are
of high interest to external sources or that otherwise would
not be identified as of potential interest to the user of the
wireless device. For example, if the program is a news feed
program module and the user typically only reviews and
accesses political news from the program module, external
information may be considered to identify other forms of
news that even though not typical for the user may be of such
a high interest that there is a probability that it will be
accessed by the user. For example, if a major earthquake has
occurred that is getting high news coverage or interest from
external sources, even though it is not related to political
information, it may be determined as of potential interest to
the user. In some implementations, the external information
may include information obtained for other program mod-
ules.

Ifit is determined that external and/or group information is
to be considered, such information is obtained, as in 1510,
and a determination is made as to whether additional data
should be identified as data of potential interest to the user and
likely accessed through the program module, as in 1512. Ifit
is determined that additional data is to be considered, the
additional data is identified and included in the identification
of available data that may be of potential interest to the user
and accessed through the program module, as in 1514. After
including the identified additional data or if it is determined
that no additional data is to be included in the available data
that may be of interest and accessed by the user, a weighting
factor may be applied to one or more of the identified avail-
able data, as in 1516. For example, some items of available
data already identified as of potential interest to the user may
be given a higher probability of access due to external infor-
mation or other group information relevant to that data. Upon
identifying data of potential interest to the user that may be
accessed through the program and optionally applying a
weighting factor to one or more of those items based on
external and/or group information, the data or data items with
the highest probability of access are identified as anticipated
data and provided back to the example process 1200 and/or
1400, as in 1518.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
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features or acts described. Rather, the specific features and
acts are disclosed as exemplary forms of implementing the
claims.

What is claimed is:
1. A system for managing communication, comprising:
a data processing component for:
receiving wireless device information and user event
information from a wireless device;

determining a planned connection pattern for the wire-
less device, wherein the planned connection pattern
includes a first anticipated fixed fee wireless network
connection event anticipated to occur at a first time, a
second anticipated fixed fee wireless network connec-
tion event anticipated to occur at a second time, and an
anticipated variable fee wireless network connection
event anticipated to occur at a third time, wherein the
first time is before the third time and the second time
is before the third time;

determining a first anticipated duration of the first antici-
pated fixed fee wireless network connection event;

determining a second anticipated duration of the second
anticipated fixed fee wireless network connection
event;
a program processing component for receiving program
module usage information and identifying anticipated
data that will likely be requested by a user during an
occurrence of the variable fee wireless network connec-
tion event;
the data processing component further for:
determining an estimated transfer time needed to trans-
fer the anticipated data to the wireless device;

determining that the first anticipated duration of the first
anticipated fixed fee wireless network connection
event is not sufficient to transfer the anticipated datato
the wireless device;

determining that the second anticipated duration of the
second anticipated fixed fee wireless network connec-
tion event is sufficient to transfer the anticipated data
to the wireless device; and

planning, prior to an occurrence of the first anticipated
fixed fee wireless network connection event and prior to
the occurrence of the second anticipated fixed fee wire-
less network connection event, delivery of the antici-
pated data to the wireless device over a fixed fee wireless
network to occur during the occurrence of the second
fixed fee wireless network connection event such that
the anticipated data is available to the user when
requested.

2. The system as recited in claim 1, wherein the first fixed
fee wireless network is a wireless network in which the user
does not incur a charge for delivery of data through the wire-
less network.

3. The system as recited in claim 1, wherein the anticipated
variable fee wireless network connection event is a connec-
tion between the wireless device and a variable fee wireless
network.

4. The system as recited in claim 3, wherein the variable fee
wireless network is a wireless network in which the user does
incur a charge for delivery of data through the wireless net-
work.

5. The system as recited in claim 1, wherein the first antici-
pated fixed fee wireless network connection event is deter-
mined based at least in part on the user event information and
the wireless device information.

6. The system as recited in claim 1, wherein the first antici-
pated fixed fee wireless network connection event is deter-

15

20

25

30

35

40

45

55

60

65

26

mined based at least in part on a standard connection pattern
and received user event information.

7. The system as recited in claim 1, wherein the data pro-
cessing component is further for determining a confidence of
at least one of the first fixed fee wireless network connection
event occurring or the second fixed fee wireless network
connection event occurring; and

wherein planning includes determining that the second

anticipated fixed fee wireless network connection event
has a high confidence of occurring.

8. A computer implemented method, comprising:

under control of one or more computing systems config-

ured with executable instructions, determining a

planned connection pattern for a wireless device,

wherein the planned connection pattern includes:

an anticipated fixed fee wireless network connection
event; and

at least one of an anticipated variable fee wireless net-
work connection event or an anticipated unavailable
connection event, wherein the anticipated fixed fee
wireless network connection event is anticipated to
occur before the at least one of the anticipated variable
fee wireless network connection event or the antici-
pated unavailable connection event;

determining, prior to an occurrence of the anticipated
fixed fee wireless network connection event, a first
anticipated data use time representative of a first
anticipated time at which a first anticipated data may
be requested by a user of a wireless device, wherein
the first anticipated data use time is anticipated to
occur during the at least one of the anticipated vari-
able fee wireless network connection event or the
anticipated unavailable connection event; and

determining, prior to the occurrence of the fixed fee wire-

less network connection event;

a second anticipated data use time for a second anticipated

data; and

a first likelihood that the first anticipated data will be

requested by the user of the device before the second
anticipated data is requested by the user of the device;
a second likelihood that the second anticipated data will be
requested by the user of the device before the first antici-
pated data is requested by the user of the device;

determining that the first likelihood is higher than the sec-
ond likelihood; and planning, prior to the occurrence of
the fixed fee wireless network connection event, deliv-
ery of the first anticipated data to the wireless device
over a fixed fee wireless network during the anticipated
fixed fee wireless network connection event.

9. A computer-implemented method of claim 8, wherein
determining the anticipated fixed fee wireless network con-
nection event further includes:

determining that an anticipated duration of the anticipated

fixed fee wireless network connection event will be suf-
ficient to deliver the first anticipated data to the wireless
device during the occurrence of the anticipated fixed fee
wireless network connection event.

10. A computer-implemented method of claim 8, wherein
determining the anticipated fixed fee wireless network con-
nection event includes:

determining an anticipated fixed fee wireless network con-

nection event that is anticipated to occur before the wire-
less device is unavailable.

11. A computer-implemented method of claim 8,

the method further comprising, the one or more computing

systems configured with executable instructions,
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determining a second anticipated fixed fee wireless net-
work connection event anticipated to occur prior to
the anticipated data use and prior to the anticipated
fixed fee wireless network connection event; and

determining that the second anticipated fixed fee wire-
less network connection event is a low probability
wireless network connection event; and

wherein planning, prior to the occurrence of the fixed fee
wireless network connection event, delivery of the
first anticipated data to the wireless device over the
fixed fee wireless network during the anticipated fixed
fee wireless network connection event is based at least
in part on determining that the second anticipated
fixed fee wireless network connection event is a low
probability wireless network connection event.

12. A non-transitory computer-readable storage medium
storing instructions that when executed by a processor cause
the processor to at least:

determine a planned connection pattern for a wireless

device, wherein the planned connection pattern

includes:

an anticipated fixed fee wireless network connection
event anticipated to occur at a first time, an anticipated
variable fee wireless network connection event antici-
pated to occur at a second time, and an anticipated
unavailable connection event anticipated to occur at a
third time during which the wireless device is unavail-
able, wherein the first time is before the third time and
the second time is before the third time;

determine anticipated data that will likely be requested
by auser of the wireless device during the anticipated
unavailable connection event;

determine a first anticipated duration of the anticipated
fixed fee wireless network connection event;

determine an estimated transfer time needed to transfer
the anticipated data to the wireless device;
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determine that the first anticipated duration of the antici-
pated fixed fee wireless network connection event is
sufficient to transfer the anticipated data to the wire-
less device; and

plan, prior to the third time, delivery of the anticipated data

to occur during an occurrence of the anticipated fixed fee
wireless network connection event.

13. The non-transitory computer-readable storage medium
of'claim 12, wherein the anticipated data is identified based at
least in part on information received from the wireless device.

14. The non-transitory computer-readable storage medium
of'claim 12, wherein the anticipated data is identified based at
least in part on user event information.

15. The non-transitory computer-readable storage medium
of'claim 12, wherein the anticipated data is identified based at
least in part on external information.

16. The non-transitory computer-readable storage medium
of claim 12, wherein the anticipated data includes a plurality
of data that has not been requested by the wireless device.

17. The non-transitory computer-readable storage medium
of claim 12, wherein the planned connection pattern is deter-
mined based at least in part on a determined standard connec-
tion pattern and user event information, the planned connec-
tion pattern based at least in part on exceptions to the standard
connection pattern determined from the user event informa-
tion.

18. The non-transitory computer-readable storage medium
of claim 12, the instructions that when executed by the pro-
cessor further cause the processor to at least:

determine that the wireless device will be connected to a

power source and charging during the anticipated fixed
fee wireless network connection event.

19. The non-transitory computer-readable storage medium
of claim 12, the instructions that when executed by the pro-
cessor further cause the processor to at least:

determine that the wireless device will be idle during the

anticipated fixed fee wireless network connection event.
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